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ARTICLE COMPRISING A SINGLE-STAGE ALL-PASS OPTICAL FILTER 



Inventors: Gadi Lenz and Christi K. Madsen 

FIELD OF THE INVENTION 

5 The present invention relates to optical communications systems and more 

particularly, to an article comprising a single-stage all-pass optical filter. 

BACKGROUND OF THE INVENTION 

Optical communications systems typically include a variety of devices (e.g., light 
sources, photodetectors, switches, optical fibers, amplifiers, filters, and so forth). Optical 

10 communications systems are useful for transmitting optical signals over long distances at 
high speeds. An optical signal, which comprises a series of light pulses, is transmitted 
from a light source such as a laser to an optical fiber and ultimately to a detector. 
Amplifiers and filters may be used to propagate the light pulses along the length of the 
fiber from the light source to the detector. Today, the bulk of long-distance 

15 communication traffic is carried by optical fibers. As use of optical fibers becomes more 
widespread and infiltrates the consumer marketplace, demand is increasing for efficient, 
high-speed, integrated opto-electronic devices. 

There are many considerations and design constraints in developing optical 
systems. One consideration relates to signal synchronization in a wavelength division 

20 multiplexer or demultiplexer and/or optical time-division multiplexer (OTDM) device. 
Optical communications systems may include such devices for coupling, splitting, or 
filtering co-propagating pump signals. For example, FIG. 1 reflects a schematic 
representation of an OTDM system, comprising a time-division multiplexer (TDM) 100 
which includes a plurality of low-speed transmitters 102, 103, 104 and a multiplexer 105, 

25 an optical switch or demultiplexer 110, and a receiver 115, connected by trunk fiber 11. 
Each of the transmitters sends low speed signals (s L ) to the multiplexer 105 which then 



outputs a high speed signal (s H ) to the switch 110. The switch selectively drops pulses 
from the high-speed signal to produce low-speed output signals (so) sent to receiver 115. 
In this way, the signals may be sent at high-speed over the length of the fiber between the 
multiplexer 105 and the switch 110, and then interpreted at low speed to determine the 
5 information sent from each one of the transmitters. 

Such OTDM communication systems require synchronization elements. For 
example, when the optical switch 110 demultiplexes a high bit-rate signal, a low bit-rate 
control "C" needs to be synchronized with the high bit-rate signal so that the signals 
coincide correctly in time inside the switch. This operation requires a delay line, e.g., the 

10 control will need to be delayed so it is synchronized inside the switch with the high bit-rate 
signal. A challenge in designing optical switches involves achieving a delay for a pulse 
train so that each of the frequencies of the pulse train is delayed for the same period of 
time. For example, FIG. 2 is a graphical illustration showing the spectrum of an 
unmodulated pulse train. In FIG. 2, an optical pulse 10 typically comprises a packet of 

15 waves 15a, 15b, 15c ... 15g. Each wave has a certain amplitude and frequency within the 
bandwidth A/ e.g., each wave within the packet is characterized by a different frequency 

and amplitude and travels at a different speed. Challenges are involved in achieving a 
constant time delay for each of the frequencies over the entire bandwidth Af. If certain 

frequencies of the pulse train (e.g. 15a, 15b), are not delayed or are given a different 
20 period of delay than other frequencies (e.g., 15c, 15d), the delayed signal will not 
correspond in phase with the original pulse train. 

All-pass filters have been known in the field of electronics for equalizing phase and 
reducing distortion. Structures for fabricating all-pass filters for electronic devices are 
known in the field and described in the literature. See, e.g., U.S. Pat. No. 5,258,716 to 
25 Kondo et al y "All-Pass Filter'' All-pass filters provide advantages over other types of 
filters as they affect only the phase of a signal, rather than its amplitude. A configuration 
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for an all-pass filter for use with optical devices is described in co-pending U.S. patent 
application Serial No. 09/182,980, titled "All-Pass Optical Filter " filed by Kazarinov ei 
al and the inventors herein, which is assigned to the present assignee and incorporated 
herein by reference. As explained in the Kazarinov et al application (and shown in FIG. 

5 2B thereof), an optical signal transmitted through a fiber may be distorted or broadened 
with time over the length of the fiber. This broadening is undesirable as it may create 
noise, i.e., interference between sequential optical pulses. The Kazarinov et al application 
describes an all-pass optical filter designed to eliminate such distortions. Additionally, it 
was disclosed therein that the all-pass optical filter could be useful in delaying an optical 

10 pulse in time. The all-pass optical filter of the Kazarinov et al application applies a 
frequency-dependent time delay to each frequency of the optical pulse. 

The Kazarinov et al application describes single-stage and multiple-stage all-pass 
optical filters. A schematic representation of one embodiment a single-stage all-pass 
optical filter according to the Kazarinov et al application is illustrated in FIG. 3. The 

15 filter comprises an input port for an input optical pulse 120, an output port 150, a 
splitter/combiner 143, and a feedback path 145 wherein the feedback path advantageously 
comprises at least one ring resonator. Although FIG. 3 shows a single-stage filter (e.g., a 
single resonator ring), the Kazarinov et al application discloses that best results are 
achieved when multiple stages (multiple resonator rings) are used. Indeed, the Kazarinov 

20 et al application teaches that many all-pass stages are needed to generate a large tunable 
delay for an arbitrary broadband signal. For example, FIG. 4 is a graph of the group delay 
in units of time as a function of frequency for a four-stage all pass optical filter as applied 
to an arbitrary broadband signal. As can be seen, a maximum and fairly constant delay of 
16 au (arbitrary units) is achieved over the normalized frequency range of 0.4 to 0.6. 

25 Thus, only certain frequencies would receive the maximum delay. A single all-pass optical 
filter would achieve a constant delay over a much smaller frequency range (-.05) and thus 
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would be ineffective in delaying a pulse train having a large bandwidth (A/). On the other 
hand, many all-pass stages would increase the bandwidth (A/) of the maximum delay 
period and also lessen the ripple effect. As can be seen, with the four-stage all pass optical 
filter, a ripple effect is created over the delay period in that four separate summits appear 
5 at the maximum height of the delay peak. 

However, use of many all-pass stages translates to more complicated systems than 
if a single-stage all pass filter were used. Preferably, two heaters are deposited on each 
resonator ring of the device for locally changing the free-spectral range of the group delay 
and the desired phase. Thus, the four-stage all-pass optical filter used to produce the 
10 delay peak shown in FIG. 4 would include the use of eight heaters, each of which would 
be need to be periodically adjusted depending on the optical signal and desired phase 
response. 

As may be appreciated, those in the field of communications systems continue to 
seek new designs to improve system performance and reduce cost. In particular, it would 
15 be advantageous to have an article comprising a single-stage all-pass optical filter for 
correcting dispersion and introducing a constant delay. It would be particularly beneficial 
to provide an all-pass optical filter that can generate a large tunable delay for a broadband 
signal without use of many all-pass stages. 

SUMMARY OF THE INVENTION 

20 Summarily described, the invention embraces an article comprising a single-stage 

all-pass filter. The all-pass optical filter includes an input port for receiving an input 
optical pulse having a regular repetition rate; an output port; a splitter/combiner; and one 
feedback path. The all-pass optical filter is configured to apply a plurality of frequency- 
dependent time delay periods to the input optical pulse so that the filter is characterized by 

25 a time-delay spectrum having a plurality of delay peaks. The free-spectral range (FSR) of 
the filter, Le. 9 the spacing between the delay peaks, is matched to the regular repetition 



rate of the input optical pulse. This matching is accomplished by the FSR being equal to 
the repetition rate or offset from the repetition rate to a sufficiently small degree that each 
frequency of the pulse train will fall within the bandwidth of one of the plurality of delay 
peaks. Advantageously at least one heater is disposed on the feedback path for use in 
5 tuning the time-delay spectrum of the filter. The article including the single-stage all-pass 
optical filter may comprise an assembly for use in a communications system including an 
OTDM device or a pulsed laser. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, an exemplary embodiment is described 
10 below, considered together with the accompanying drawings, in which: 

FIG. 1 is a schematic representation of an optical time-division multiplexer/ 

demultiplexer system; 

FIG. 2 is a graphical illustration showing an optical pulse comprising various 
frequencies and the repetition rate for each frequency; 

15 FIG. 3 is a schematic representation of a single-stage all-pass optical filter wherein 

the feedback path includes a ring resonator; 

FIG. 4 is a graph illustrating the normalized group delay as a function of frequency 
for a four-stage all-pass optical filter as applied to an arbitrary broadband signal; 

FIG. 5 is a graph illustrating the normalized group delay as a function of frequency 
20 for one embodiment of the inventive all-pass optical filter where the FSR is equal to the 
repetition rate of the input pulse train; 

FIG. 6 is a graph illustrating the normalized group delay as a function of frequency 
for an alternative embodiment of the inventive all-pass optical filter where the FSR is 
slightly offset from the repetition rate of the input pulse train; 
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FIGS. 7A-7B are schematic illustrations of single-stage all-pass optical filters with 
a Mach-Zehnder interferometer structure; and 

FIG. 8 is a schematic illustration of an all-optical time DEMUX having on-chip 
synchronization. 

5 It is to be understood that these drawings are for the purposes of illustrating the 

concepts of the invention and are not to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention comprises a single stage all-pass optical filter that can be used to 
generate a large tunable delay for a regular unmodulated pulse train. Applicants have 

10 discovered that when the pulse train for a signal has a regular repetition rate (/.<?., each of 
the frequencies of the pulse train differs from another frequency of the pulse train by an 
equal amount), a single-stage all-pass optical filter can be used to generate a large tunable 
delay for the signal. Additionally, applicants have discovered that when the repetition rate 
is regular, as defined above, a single-stage all-pass filter can be effective in correcting 

15 certain dispersion such as the linear chirp of a pulsed laser. These functions are 
accomplished by configuring the all-pass optical filter so that the free spectral range (FSR) 
of the filter, ie. 9 the spacing between the frequency-dependent time delay peaks generated 
by the filter, is matched to the repetition rate of the regular unmodulated pulse train input 
to the filter. By "matched to" it is meant that FSR is either equal to the repetition rate or 

20 is off-set from the repetition rate by a sufficiently small degree that each frequency of the 
pulse train will fall within the bandwidth of a peak of the normalized group delay. 

More particularly with reference to the figures, one embodiment of the all-pass 
optical filter of this invention is schematically represented by the structure of FIG. 3. This 
all-pass optical filter 130 includes a feedback path 145, an input port 140 for receiving 
25 optical pulse 120, an output port 150, and a splitter/combiner 143 for coupling portions of 



the input optical pulse into and away from the feedback path 145. The feedback path of 
the all-pass optical filter may have a ring resonator structure, as schematically shown. 
According to the invention, only one ring resonator structure is used and yet a large 
tunable delay or chirp correction is achieved, thus providing advantages over the filter of 
5 the Kazarinov et al application. A heating element 185 is advantageously disposed on the 
ring. 

According to the invention, the optical pulse 120 that enters the all-pass optical 
filter comprises a regular unmodulated pulse train. By defining the pulse train as "regular" 
herein, it is meant that the pulse train has a regular repetition rate as illustrated in FIG. 2 

10 and described above, Le. 9 each of the frequencies of the pulse train differ from another 
(/.e., adjacent) frequency of the pulse train by the same amount which is represented in 
FIG. 2 as value "R " When this optical pulse enters the all-pass optical filter, a portion of 
the pulse is provided to the feedback path 145 and circulates therein. At each pass of the 
optical pulse in the feedback path 145, some portion thereof is provided through the 

15 splitter/combiner 143 to the output port 150, which incrementally reduces the portion of 
the optical pulse introduced into the feedback path 145, in effect removing it therefrom. 
The length of the feedback path 145 is typically shorter than the optical pulse length. 
Thus, as the input optical pulse 120 repeatedly circulates along the feedback path 145, it 
interferes with itself. That is, leading edge portions of the optical signal circulating in the 

20 feedback path interfere with trailing edge portions of the optical signal being input thereto. 
Interference between the leading and trailing edges of the optical pulse applies a 
frequency-dependent time delay to the frequencies of the optical pulse. After the 
frequency-dependent time delays are applied to each frequency of the optical pulse, the 
pulse is output from the filter through the output port 150. 

25 The time delay applied by the filter can be determined by the filter design and 

adjusted with the application of heat to the feedback path 145. Thus, at least one heater 



185 advantageously is coupled to the feedback path, as shown. Coupling ratios for the 
splitter/combiner 143 and feedback path 145 determine the portions of the optical pulse 
120 that are coupled into and away from the feedback path and thus impact upon the value 
for the frequency-dependent time delay that is applied. The coupling coefficient k for the 

5 ring determines the height and width of each time-delay peak, and the phase <|> for the ring 
determines the value of the FSR between each delay peak. Thus, the height and width of 
each delay peak is determined by the coupling coefficient k which is configured into the 
device design. To illustrate, FIG. 5 is a graph of the normalized group delay as a fonction 
of frequency for five consecutive FSR's of the single-stage all-pass optical filter. As can 

10 be seen, the filter has a time delay spectrum consisting of five peaks spaced from each 
other by the FSR. The value for the FSR can be determined depending on the phase <J> of 
the resonator ring, and the height "/*" and width ' V of each delay peak can be determined 
depending on the coupling coefficient k. Additionally, heat may be applied to adjust the 
values for k and $ as would be suitable for the particular signal being input to the all-pass 

15 optical filter. Considerations involved in designing k and <j> are described in the Kazarinov 
et al application incorporated herein and can be determined by one skilled in the field 
depending on the particular input signal and desired delay period. 

According to one embodiment of the invention, an all-pass optical filter is 
configured having a time delay spectrum where the FSR of the delay peaks (FIG. 5) is 
20 equal to the repetition rate "R" of the input pulse {e.g., FIG. 2). When the FSR is equal to 
the repetition rate of the optical pulse rather than the full bandwidth of the signal, each 
frequency of the pulse train is delayed for the same maximum amount, e.g., each frequency 
is delayed for the period of time represented by the maximum height "A" of each delay 
peak of FIG. 5. Consequently, the entire signal is delayed for the same time period. 

25 In an alternative embodiment, the FSR is slightly offset from the repetition rate of 

the input pulse train. For example, FIG. 6 shows the frequencies of a pulse train denoted 



by arrows 15a\ 15b', 15c\.. 15g\ superimposed on a plot of the filter's time delay 
spectrum. Here, as can be seen the value for the FSR is denoted as reflecting an arbitrary 
unit of 1, and the value for the repetition rate "R" is slightly less than 1 . Consequently, the 
first frequency of the pulse train 15a' will experience the maximum peak delay and each 

5 frequency thereafter experiences a slightly different (in this case lesser) delay. When the 
differences in the delay periods follow a linear path, the device can correct for linear chirp 
on the pulse train. This embodiment thus may be used inside a laser cavity as a dispersion- 
compensating element. Certain lasers, such as pulsed lasers, have a regular repetition rate 
and suffer from chirp. Such lasers would be particularly well-suited for use with the 

10 single-stage all-pass optical filter of this invention, as the filter can function to equalize the 
chirped pulses. In each case the degree to which the repetition rate is offset from the FSR 
will depend upon the phase of the pulse train, the extent of chirp sought to be corrected, 
and how much dispersion is sought to be generated. However, typically the repetition rate 
will be offset from the FSR by an amount of about 10% of the value for the FSR. 

15 Preferably, the feedback path of the all-pass optical filter is arranged in parallel 

with a Mach-Zehnder interferometer (MZI), as shown in FIGS. 7 A and 7B. The MZI is 
denoted schematically within boxed region 300. In this embodiment, two heaters 185, 305 
are placed along waveguide arms 303, 304 wherein one heater 185 may be used to adjust 
the coupling coefficient k and the other heater 305 may be used to adjust the phase 4> of 

20 the device. The MZI structure has more than one coupler, denoted as 308, 308, which 
optionally may be identical. The MZI structures are folded to minimize any increase in the 
feedback path length. In FIG. 7 A, the path lengths of the waveguide arms 303, 304 are 
slightly different which provides flexibility for designing wavelength dependent feedback 
coupling. In FIG. 7B, the path lengths of each arm 303, 304 are crossed and thus made 

25 substantially equal. With the structure of FIG. 7B, the optical signal loss can reduced by 



increasing the crossing angle for the waveguide arms. Crossing the arms is advantageous 
for achieving large feedback coupling because the effective k can be made large without 
affecting fabrication tolerances. 

A signal having the regular pulse train and repetition rate, as illustrated in FIG. 2, 

5 is not particularly advantageous in itself for transmitting information in an optical 
communications system. However, applicants have discovered that the inventive single- 
stage all-pass filter as used with a signal having a regular repetition rate is advantageous in 
synchronizing control signals in an optical time-division multiplexer/demultiplexer system. 
To illustrate, FIG. 8 is a schematic representation of an all-optical time demultiplexer 

10 having on-chip synchronization. A high-speed optical signal Si received from a multiplexer 
(not shown) is input to the switch 110 or demultiplexer. Thg input signal Si contains a 
plurality of pulses (e.g., at 125) traveling at high speed which may correspond to 
information received from a number of different sources. A control signal "C" also is 
input to the switch 110 containing a plurality of signal pulses 135. For the control signal 

15 "C" to operate to remove select pulses from the input signal Si, the control signals must 
overlap in time or in other words, be synchronized with the input signal, so that they arrive 
within the switch at the same time, e.g., as seen on FIG. 8, two pulses of control signal 
135 are synchronized with pulses of input signal 125 following dashed lines T s . The 
inventive all-pass optical filter 130 may be incorporated on the control line to delay the 

20 timing of the control signal so that it will be synchronized in time with pulses of the input 
signal S L The single-stage all-pass optical filter is advantageous as it is less complicated 
than other devices, such as multiple-stage all pass optical filters, achieves a constant time 
delay over a wide range of frequencies, affects only the phase of the signal, not the 
amplitude, and can be integrated on the same chip as the switch. Thus, it is useful in 

25 achieving high-speed integrated opto-electronic devices. 
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It is understood that the embodiments described herein are merely exemplary and 
that a person skilled in the art may make variations and modifications without departing 
from the spirit and scope of the invention. For example, although the single-stage optical 
all-pass filter is described primarily with regard to its applications in correcting linear chirp 
of a pulsed laser and delaying a control signal of an OTDM system, other applications may 
be recognized by one skilled in the field. All such variations and modifications are 
intended to be included within the scope of the appended claims. 
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CLAIMS: 
We claim: 

1 . An article comprising an all-pass optical filter including 

an input port for receiving an input optical pulse having a regular repetition rate; 

an output port; 

a splitter/combiner, and 

one feedback path, wherein the all-pass optical filter is configured to apply a 
plurality of frequency-dependent time delay periods to the input optical pulse to define a 
time delay spectrum having a plurality of delay peaks, and the free spectral range of the 
filter as defined by the spacing between the delay peaks is matched to the regular 
repetition rate of the input optical pulse. 

2. The all-pass optical filter of claim 1 in which the one feedback path comprises a 
ring resonator and a heating element for heating a section of the ring resonator. 

3. The all-pass optical filter of claim 1 arranged in parallel with a Mach-Zehnder 
interferometer. 

4. The all-pass optical filter of claim 1 in which the free-spectral range of the filter is 
matched to the repetition rate of the pulse train by the free-spectral range being equal to 
the repetition rate. 
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5. An assembly for use in an optical communication system comprising an optical 
multiplexer/demultiplexer device including the all-pass optical filter of claim 4. 

6. The all-pass optical filter of claim 1, in which the free-spectral range of the filter is 
5 matched to the repetition rate of the pulse train by the free-spectral range being offset 

from the repetition rate by a sufficiently small degree that each frequency of the pulse train 
falls within a bandwidth of one of the plurality of delay peaks. 

7. An assembly for use in an optical communication system comprising a pulsed laser 
^ 10 and the all-pass optical filter of claim 6, in which the all-pass optical filter corrects linear 

% 

*' J chirp of the pulsed laser. 

I 1 8. An optical communications system comprising the all-pass optical filter of claim 1 . 

r | 15 9. An optical communications system comprising the assembly of claim 5. 

10. An optical communications system comprising the assembly of claim 7. 

11, A method of generating a tunable delay for an optical signal with use of a single- 
20 stage all-pass optical filter wherein the pulse train of the optical signal has a regular 

repetition rate, the method comprising matching the spacing between the frequency- 
dependent time delay peaks generated by the all-pass optical filter to the repetition rate of 
the pulse train. 
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12. The method of claim 11, in which the free-spectral range of the filter is matched to 
the repetition rate of the pulse train by the free-spectral range being equal to the repetition 
rate. 

13. The method of claim 1 1, in which the free-spectral range of the filter is matched to 
the repetition rate of the pulse train by the free-spectral range being offset from the 
repetition rate by a sufficiently small degree that each frequency of the pulse train falls 
within a bandwidth of one of the plurality of delay peaks. 

14. A method for correcting linear chirp of a pulsed laser comprising the steps of: 

providing an all-pass optical filter including an input port for receiving an input 
optical pulse having a regular repetition rate; an output port; a splitter/combiner; and one 
feedback path, wherein the all-pass optical filter is configured to apply a plurality of 
frequency-dependent time delay periods to the input optical pulse to define a time delay 
spectrum having a plurality of delay peaks, and 

off-setting the free spectral range of the filter as defined by the spacing between 
the delay peaks from the regular repetition rate of the input optical pulse by a 
predetermined value such that each frequency of the pulse train falls within a bandwidth of 
one of the plurality of delay peaks, wherein the predetermined value is selected to 
substantially equalize the linear chirp of the pulsed laser. 



15. A method for synchronizing control signals with transmission signals of an optical 
time-division multiplexer/demultiplexer system, the method comprising 



providing an all-pass optical filter including an input port for receiving an input 
optical pulse having a regular repetition rate; an output port; a splitter/combiner; and one 
feedback path, wherein the all-pass optical filter is configured to apply a plurality of 
frequency-dependent time delay periods to the input optical pulse to define a time delay 
spectrum having a plurality of delay peaks, 

configuring the free spectral range of the all-pass optical filter as defined by the 
spacing between the delay peaks to be equal to the regular repetition rate of the input 
optical pulse, and 

applying the all-pass optical filter to the control signals to delay the control signals, 
thereby synchronizing the control signals with the transmission signals. 
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ABSTRACT 

A single-stage all-pass optical filter is disclosed that may be applied to generate a 
large tunable delay of an optical pulse train. The all-pass optical filter includes an input 
port for receiving an input optical pulse having a regular repetition rate; an output port; a 

5 splitter/combiner; and one feedback path. A plurality of frequency-dependent time delay 
periods are applied to the input optical pulse so that the filter is characterized by a time- 
delay spectrum having a plurality of delay peaks. The free-spectral range (FSR) of the 
filter, i.e., the spacing between the delay peaks, is matched to the regular repetition rate of 
the input optical pulse. This matching is accomplished by the FSR being equal to the 

10 repetition rate or offset from the repetition rate to a sufficiently small degree that each 
frequency of the pulse train will fall within the bandwidth of one of the plurality of delay 
peaks. This single-stage all-pass optical filter is advantageous for correcting linear chirp 
of a pulsed laser or synchronizing control signals in an optical time-division multiplexer/ 
demultiplexer system. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 
As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 
my name. 

I believe I am the original, first and sole inventor of the subject matter which is 
claimed and for which a patent is sought on the invention entitled ARTICLE 
COMPRISING A SINGLE-STAGE ALL-PASS OPTICAL FILTER the specification 
which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above 
identified specification, including the claims, as amended by an amendment, if any, 
specifically referred to in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is 
material to patentability as defined in Title 37, Code of Federal Regulations, 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 
119 of any foreign application(s) for patent or inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any 
United States application(s) listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, 112,1 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56 which became 
available between the filing date of the prior application and the national or PCT 
international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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I hereby appoint the following attorney(s) with full power of substitution and 
revocation, to prosecute said application, to make alterations and amendments 
therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected therewith: 



Lester H. Birnbaum (Reg. No. 25830) 

Richard J. Botos (Reg. No. 32016) 

Jeffery J. Brosemer (Reg. No. 36096) 

Kenneth M. Brown (Reg. No. 37590) 

Donald P. Dinella (Reg. No. 39961) 

Guy Eriksen (Reg. No. 41736) 

Martin I. Finston (Reg. No. 31613) 

James H. Fox (Reg. No. 29379) 

Barry H. Freedman (Reg. No. 26166) 

Julio A. Garceran (Reg. No. 371 38) 

Mony R. Ghose (Reg. No. 381 59) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

John M. Harman (Reg. No. 38173) 

John W. Hayes (Reg. No. 33900) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

Geraldine Monteleone (Reg. No. 40097) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

Jack R. Penrod (Reg. No. 31864) 

Daniel J. Piotrowski (Reg. No. 42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 39010) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Patricia A. Verlangieri (Reg. No. 42201) 

John P. Veschi (Reg. No. 39058) 

David Volejnicek (Reg. No. 29355) 

Charles L. Warren (Reg. No. 27407) 

Eli Weiss (Reg. No. 17765) 
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I hereby appoint the attorney(s) on ATTACHMENT A as associate attorney(s) 
in the aforementioned application, with full power solely to prosecute said 
application, to make alterations and amendments therein, to receive the patent, and 
to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application. No other powers are granted to such associate 
attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 



Full name of 1st inventor: Gadi Lenz 
Inventor's 

signature Date 



Residence: Fanwood, County of Union and State of New Jersey 
Citizenship: ISRAEL 

Post Office Address: 69 Shady Lane 

Fanwood, NJ 07023 



Full name of 2nd inventor: Christi Kay Madsen 
Inventor's 

signature Date 



Residence: South Plainfield, County of Middlesex and State of New Jersey 
Citizenship: USA 

Post Office Address: 436 Joan Street 

South Plainfield, NJ 07080 
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ATTACHMENT A 



Attorney Names: Bruce Collins Reg. Nos.: 20,066 



Ronald Gould 


28,299 


Diane Dunn McKay 


34,586 


Scott N. Bernstein 


38,827 


Glen E. Books 


24,950 


Anastasia P. Winslow 


40,875 


Charles J. Brumlik 


42,367 


Mary S. Kakefuda 


39,245 



Telephone calls should be made to Anastasia P. Winslow, Esq. at: 
Phone No.: (609) 924-8555 
Fax No.: (609)924-3036 



All written communications are to be addressed to: 



Anastasia P. Winslow, Esq. 
Mathews, Collins, Shepherd & Gould, P.A. 
100 Thanet Circle, Suite 306 
Princeton, New Jersey 08540-3674 



